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Abstract
It is shown that the observed cmb dipole implies the existence of a center for the expansion of
the universe, and that it can be explained by a combination of peculiar velocity and Hubble flow.
1
I. INTRODUCTION
In the Friedman universe, one possible interpretation of the coordinates is that the whole
space is on the surface of an expanding balloon and has no center. (A center exists outside
the universe in a way.) This accommodates the Hubble law naturally. There are no velocities
associated with points of the universe, but the relative distance and relative velocity of any
two points increase with the expansion of the balloon. I will show that in such a universe,
there is no cosmic microwave backgroud (cmb) dipole even in the presence of a peculiar
velocity. In other words, the observation of a cmb dipole excludes such an interpretation of
the coordinates for the Friedman universe.
II. THE CMB DIPOLE IN THE TEMPERATURE DISTRIBUTION IN COSMOL-
OGY WITHOUT CENTER
A dipole component was observed in the temperature distribution in the cmb measure-
ment. The cmb blueshift dipole for the solar system [1] is given by
v = 371± 0.5 km/s, l = 264.4± 0.3◦, b = 48.4± 0.5◦. (1)
Or equivalently, the cmb dipole for redshift is
v = 371± 0.5 km/s, l = 84.4± 0.3◦, b = −48.4± 0.5◦. (2)
In the absence of peculiar velocity, there is no cmb dipole in a cosmology without a center.
I will state that as a lemma.
Lemma There is no cmb dipole at any point of the universe in a cosmology without center,
in the absence of a peculiar velocity.
Proof. This is almost self-evident. In any direction from a point in the universe, the distance
l0 from a cmb emitter to a selected point becomes l after expansion and the redshift factor
is given by
1 + z =
l
l0
(3)
and this value is the same for all directions. Of course, differences in the redshift or the
temperature distribution in the cmb measurement come from the structure variation of the
emitters, which is the whole issue of the cmb phenomenon.
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The following theorem is surprising.
Theorem 1 There is no cmb dipole at any point in the universe in a cosmology without
center, even in the presence of a peculiar velocity vp.
I will present the proof in 3 ways.
Proof. I. Seen from the rest frame of a peculiar velocity, both l0 and l are Lorentz contracted
by the same factor
√
1− (vp cos θ/c)2, where θ is the angle between the emitter and the
peculiar velocity, and their ratio in Eq. (3) is unchanged. This is true for all directions.
Proof. II. Relating the equivalent velocity of the cmb emitter v to the expansion rate 1+ z
by √
1 + v/c
1− v/c
= 1 + z, (4)
one gets
v/c =
(1 + z)2 − 1
(1 + z)2 + 1
= 1− 2
1
(1 + z)2
= 1− 2× 10−6 (5)
for z = 1000. The relative velocity of the emitter and the peculiar velocity vp in the direction
of the emitter is
v − vp cos θ
1− vvp cos θ/c2
= v − vp cos θ + (v/c)
2vp cos θ = v − O(4× 10
−6vp cos θ) (6)
It is easy to see that this result is valid in any direction.
Proof. III. An object that moves with peculiar velocity vp is at rest with respect to an
object at a distance of vp/H0, where H0 is the Hubble constant, which does not have a cmb
dipole by the Lemma. Therefore, an object with a peculiar velocity should not have a cmb
dipole.
All three proofs give the same result. Another way to look at this theorem is that the
equivalent speed of a cmb emitter is close to that of light and speed of light is identical
for moving frames. We have reached the important conclusion that in a cosmology without
center there is no cmb dipole. As a corollary, we state a theorem.
Theorem 2 The observation of the cmb dipole excludes the possibility of a cosmology with-
out center. Thus, there has to be a center for the expansion of the universe, since a cmb
dipole has been observed for the solar system[1].
The author has discussed the implications of the cmb dipole for cosmologies with centers
elsewhere[2], to which we refer for details. There, the observed cmb dipole is related to a
combination of Hubble flow and peculiar velocity.
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